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CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-275758, filed on September 20, 
2002, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a semiconductor 
device having a bipolar transistor and a method for 
manufacturing the same. 
[Description of the Related Art] 

Conventionally, there has been developed a 
bipolar transistor with such a construction that a 
base lead-out layer is electrically and directly 
connected to a substrate portion that is to be a 
collector . 

In recent years, responding to demands for 
further miniaturization and performance enhancement 
of bipolar transistors, a method has been devised to 
form a bipolar transistor by a non-selective 
epitaxial growth method, using SiGe and/or SiGeC as 
the material for a base. 

Also, as a manufacturing method of SiGe-HBT 
( Heteroj unction Bipolar Transistor), such a method is 
generally adopted that an SiGe epitaxial film is 
grown on an Si substrate by a non- select ive epitaxial 
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method, and then polycrystalline SiGe is grown on an 
insulation film. 

Prior arts are disclosed in Japanese Patent Laid- 
open No. 5-62991, Japanese Patent Laid-open No. 10- 
125691 and Japanese Patent Laid-open No. 11-126781. 

However, when a non-selective epitaxial growth 
method is used to form a base of a bipolar transistor 
its connection with an emitter becomes unstable, 
which can cause such a serious problem that the 
bipolar transistor does not function as a transistor. 
In such case, reliability of the transistor decreases 

Further, in an SiGe-HBT, SiGe on an insulating 
film is used as a lead-out wire to a base electrode, 
but its resistance cannot be lowered by an ordinary 
growth condition due to its insufficient film 
thickness. Accordingly, on a portion where the base 
electrode is to be formed, the resistance should be 
lowered by additionally forming Si film or the like 
on SiGe, which results in an increase of the 
manufacturing steps. 

SUMMARY OF THE INVENTION 
The present invention is made in consideration of 
the above-mentioned problems, and its first object is 
to provide a semiconductor device that can achieve 
high reliability by securely connecting an emitter 
and a base even when a semiconductor layer is formed 
by a non-selective epitaxial method, and a method for 
manufacturing the same. A second object of the 
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present invention is to provide a semiconductor 
device which can be manufactured to have low base 
resistance with fewer manufacturing steps, and a 
method for manufacturing the same. 

As a result of dedicated studies, the inventors 
of the present invention have found out that, in the 
prior manufacturing method, the unstable connection 
between a base and an emitter is caused by that the 
film thickness of a polycrystalline film of a base 
lead-out layer is too thick due to a difficulty of 
independently controlling the film thickness of a 
polycrystalline film of a base lead-out layer and the 
film thickness of a single crystal layer of a base 
layer. Specifically, in the prior method, as shown 
in Fig. 1, after a collector 102 is formed on the 
surface of a semiconductor substrate 101, an 
insulation film 103 and a polycrystalline silicon 
film 106 are formed, a base opening is formed 
therethrough, and a base layer 109 that also 
functions as the base lead-out layer is formed 
therein. Here, the thickness of a sidewall portion 
(the thickness in the vertical direction of a wall 
face) of the base layer 109 becomes too thick, so 
that when a sidewall 113 is formed thereafter, a 
sufficient opening cannot be formed on an insulation 
film 113a, which is the material of the sidewall. 
Thus, the base layer 109 is not connected to an 
emitter 114. 
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After finding out the causes of such problems of 
the prior art, the inventors of the present invention 
conducted further dedicated studies and, as a result, 
reached a conclusion that when SiGe or the like is 
used for the base layer to be epitaxially grown, 
growth speeds of a bottom portion and a side portion 
of the semiconductor layer to be grown inside the 
base opening can be controlled independently by 
adjusting a film forming temperature and an amount of 
source gas. 

Based on these views, the inventors of the 
present invention have reached various aspects of the 
present invention as described below. 

A first manufacturing method of a semiconductor 
device according to the present invention is directed 
to a manufacturing method of a semiconductor device 
having a bipolar transistor. In this manufacturing 
method, first, a collector is formed on the surface 
of a semiconductor substrate, an insulation film is 
formed on the semiconductor substrate, and thereafter 
a conductive film is formed on the insulation film. 
It should be noted that either of the formation of a 
collector or the formation of an insulation film can 
be carried out first. Next, an opening that exposes 
at least a part of the collector is formed in the 
insulation film and the conductive film, and a 
semiconductor film connected to the collector and to 
the conductive film is formed by a non-selective 
epitaxial method inside the opening. Then, an 
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emitter is formed on the semiconductor film. When 
the semiconductor film is formed, a portion of the 
semiconductor film in contact with the collector is 
formed of single crystal, a portion of the 
semiconductor film in contact with the conductive 
film is formed of polycrystal, and the portion in 
contact with the conductive film is one to two times 
as thick as the portion in contact with the collector. 

A second manufacturing method of a semiconductor 
device according to the present invention is directed 
to a manufacturing method of a semiconductor device 
having a bipolar transistor. In this manufacturing 
method, first, a collector is formed on the surface 
of a semiconductor substrate, and then an insulation 
film having an opening on a portion corresponding to 
the collector is formed on the semiconductor 
substrate. Next, inside the opening and on the 
insulation film, a semiconductor film is formed by 
non-selective epitaxial growth. A portion in contact 
with the collector of the semiconductor film 
functions as a base of single crystal, and a portion 
on the insulation film of the semiconductor film is 
composed of a single layer which is thicker than the 
portion in contact with the collector. Then an 
emitter is formed on the portion of the semiconductor 
film in contact with the collector. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view showing a 
semiconductor device having a conventional bipolar 
transistor; 

Fig. 2A and Fig. 2B are graphs respectively 
showing a relationship between a position inside a 
bipolar transistor and energy, and a relationship 
between a position inside the bipolar transistor and 
a Ge concentration; 

Fig. 3 is a graph showing a relationship between 
a Ge concentration of an epitaxial film and a ratio 
of a growth speed thereof when a growth temperature 
of the epitaxial film is changed; 

Fig. 4 is a graph showing a relationship between 
the Ge concentration of the epitaxial film and the 
ratio of the growth speed thereof when a flow rate of 
SiH 4 is changed; 

Fig. 5A to Fig. 5L are cross-sectional views 
showing the seguential steps of a manufacturing 
method of a bipolar transistor (semiconductor device) 
according to a first embodiment of the present 
invention; and 

Fig. 6A to Fig. 6E are cross-sectional views 
showing the seguential steps of a manufacturing 
method of a bipolar transistor (semiconductor device) 
according to a second embodiment of the present 
invention . 
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Fig. 7 is a graph showing a relationship between 
the growth temperature of the Si film and the ratio 
of a growth speed thereof. 

Fig. 8 is a graph showing a relationship between 
the flow rate of SiH 4 in the Si film and the ratio of 
a growth speed thereof. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, semiconductor devices and methods 
for manufacturing the same according to embodiments 
of the present invention will be specifically 
explained with reference to the attached drawings. 

-Fundamental Principles of the Present Invention- 
First, fundamental principles of the present 
invention will be explained. A non-selective 
epitaxial growth method is such a method that, on a 
single crystal semiconductor substrate such as an Si 
substrate, a region exposing its surface and a region 
where an insulation film or the like is used so as 
not to expose its surface are prepared in advance, in 
which a single crystal film is grown according to 
crystal information of the semiconductor substrate on 
the region exposing the surface of the semiconductor 
substrate, while a polycrystalline or amorphous film 
is grown on the region not exposing the surface of 
the semiconductor substrate. 

On the other hand, a selective epitaxial growth 
method is such a method that a single crystal film is 
grown only on the region exposing a surface of a 



single crystal semiconductor substrate such as an Si 
substrate, and a film is not grown on the region not 
exposing a surface of the semiconductor substrate. 

At this point, regarding conditions of the non- 
selective epitaxial growth to which the present 
invention is directed, a difference between the 
condition of growing a polycrystalline film on a 
region not exposing a semiconductor substrate such as 
an Si substrate and the condition of growing an 
amorphous film thereon will be explained. For 
convenience, a method for growing an Si film on a 
single crystal Si substrate by the non-selective 
epitaxial growth method will be explained as an 
example . 

When growing a polycrystalline film on an 
insulation film (amorphous) whose crystal information 
is not available, crystal nuclei, which will be the 
nucleus of crystal information, are formed first on 
the insulation film. Thereafter, a large number of 
crystal grains are formed based on these crystal 
nuclei, and then a polycrystalline film grows. 
Although the mechanism of the crystal nucleus 
formation is unknown, in order for the crystal nuclei 
to grow, deposition species are needed to migrate 
adequately on an insulation film after they are flown 
over the insulation film. 

On the other hand, when growing an amorphous film 
on an insulation film (amorphous) whose crystal 
information is not available, the formation of 
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crystal nuclei is not required since an amorphous 
film grows disorderly. Accordingly, the deposition 
species continue to grow on the insulation film 
without migration and desorption. 

Generally, in a thermal CVD (Chemical Vapor 
Deposition) method, a rate-controlling step of 
crystal growth is categorized into two types, a 
reaction rate-controlling and a supply rate- 
controlling . 

When growing a polycrystalline film under the 
reaction rate-controlling, the growth temperature 
should be increased, and when growing an amorphous 
film, the growth temperature should be decreased. 

On the other hand, under the supply rate- 
controlling condition, which of a polycrystalline 
film or an amorphous film to be grown can be selected 
by controlling an amount of material. Specifically, 
when growing a polycrystalline film, an amount of Si 
as the material should be decreased, and when growing 
an amorphous film, the amount of Si should be 
increased. For example, when growing a 
polycrystalline film, SiH4 is used as the material, 
and when growing an amorphous film, Si2H 6 is used. 

However, the non-selective epitaxial growth has a 
condition that a single crystal film will be grown on 
an Si substrate, so that the range of its growth 
condition is limited as compared to forming a 
polycrystalline film or an amorphous film on an 
insulation film independently. 
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In the above explanation, the non-selective 
epitaxial growth of Si is presented as an example, 
but in case of an SiGe based mixed crystal, a 
polycry sta 1 1 ine film and an amorphous film can also 
be selectively grown by a similar method. However, 
in case of SiGe, it is commonly known that a 
crystallization temperature decreases by adding Ge to 
Si, and conditions of a polycrystallization 
temperature and a gas pressure are strictly different 
from those of the non-selective epitaxial growth of 
Si . 

In addition, generally, in a batch type growth 
device, growth is mostly carried out under the 
condition of reaction rate-controlling from the 
perspective of uniformity of a film thickness on a 
position in a furnace. On the other hand, in a 
sheet-fed type growth device, growth is mostly 
performed under the condition of supply rate- 
controlling from the perspective of throughput. 

Here, by the non-selective epitaxial growth 
method under the condition of reaction rate- 
controlling, it is difficult in principle to form an 
epitaxial film (single crystal film) and an amorphous 
film at the same time. On the other hand, under the 
condition of supply rate-controlling, it is possible 
to form an epitaxial film (single crystal film) and 
an amorphous film at the same time by selecting 
growth conditions. Therefore, the present invention 
is effective for growing an epitaxial film (single 



crystal film) and a polycrystalline film or an 
amorphous film at the same time by the non-selective 
epitaxial growth method under the condition of supply 
rate-controlling. 

The base layer of an SiGe-HBT is formed of SiGe 
mixed crystal. Then, it is common that the base 
layer is designed to impart an inclination to a Ge 
concentration as shown in Fig. 2A and Fig. 2B for a 
purpose of accelerating a running speed of electrons 
in the base layer by continuously changing a band gap. 

When imparting the inclination to the Ge 
concentration of the base layer, control of SiH 4 gas 
and GeH 4 gas is generally performed by controlling a 
flow rate ratio of a Ge source gas to an Si source 
gas from the gas supply part of a CVD thin film 
device. 

While such formations of base layers are commonly 
performed, the inventors of the present invention 
have found out that, as a result of dedicated studies 
as described above, when forming an SiGe epitaxial 
film (single crystal film) to be a base layer and 
forming a polycrystalline film or an amorphous film 
on an insulation film at the same time by the non- 
selective epitaxial growth method, a growth speed and 
a film type (polycrystalline or amorphous) of a film 
to be formed on the insulation film can be controlled 
independently from a growth speed and a film type of 
the epitaxial film by controlling conditions such as 
Ge profile, growth temperature, source gas flow rate 
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or the like of the SiGe epitaxial film to be a base 
layer . 

Fig. 3 is a graph showing a relationship between 
the Ge concentration of an epitaxial film and the 
ratio of a growth speed thereof when a growth 
temperature of the epitaxial film is changed. Fig. 4 
is a graph showing a relationship between the Ge 
concentration of an epitaxial film and the ratio of a 
growth speed of an epitaxial film when a flow rate of 
SiH 4 is changed. Here, the ratio of a growth speed in 
Fig. 3 and Fig. 4 designates the ratio of a growth 
speed of a polycrystalline film or an amorphous film 
relative to the growth speed of an epitaxial film, 
and in both diagrams the flow rate of GeH 4 is changed 
so as to change the Ge concentration of an epitaxial 
film. Also, in Fig. 3 and Fig. 4, polycrystalline 
films and amorphous films grow above the dashed line, 
and only polycrystalline films grow below the dashed 
line . 

As can be understood from Fig. 3 and Fig. 4, the 
growth speed of a polycrystalline film or an 
amorphous film can be independently changed by 
changing a growth temperature or an amount of a 
source gas (SiH4) . Especially, it is understood that 
when an amorphous film grows, the ratio of a growth 
speed relative to the growth speed of an epitaxial 
film cab be taken largely. In addition, epitaxial 
films grow as single crystal within the range shown 
in Fig. 3 and Fig. 4. 
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Specifically, as shown in Fig. 3, as the growth 
temperature falls, desorption of deposition species 
is restrained, an absorption reaction is facilitated, 
and the growth speed of a polycry s t alline film or an 
amorphous film on an insulation film increases. Also, 
as shown in Fig. 4, as the flow rate of source gas 
(SiH 4 ) increases, desorption of the deposition species 
is restrained, an absorption reaction is facilitated, 
and the growth speed of a polycrystalline film or an 
amorphous film on an insulation film increases. Also, 
according to Fig. 3 and Fig. 4, by setting the growth 
speed of polycrystalline to less than or equal to 1.8 
times the growth speed of single crystal, a 
polycrystalline film can be grown without growing an 
amorphous portion. 

The present invention is made according to these 
dedicated studies and experimental results, and it is 
directed to a semiconductor device having a bipolar 
transistor in which a base, an emitter, and a 
collector are formed on a semiconductor substrate. 

-Specific Embodiments of the Present Invention- 
Next, specific embodiments of the present 
invention will be explained with reference to the 
attached drawings. 

(First Embodiment) 

First, a first embodiment of the present 
invention will be explained. In the first embodiment, 
an npn-type bipolar transistor is presented as an 
example, and for convenience, its structure is 
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explained with a manufacturing method thereof. Fig. 
5A to Fig. 5L are cross-sectional views showing the 
sequential steps of the manufacturing method of a 
bipolar transistor (semiconductor device) according 
to the first embodiment of the present invention. 

In order to manufacture this bipolar transistor, 
first, as shown in Fig. 5A, n-type impurities, here 
phosphors, are ion-implanted under conditions of its 
dose amount of 1 x 10 14 /cm 2 and acceleration energy of 
300 keV on the surface of a semiconductor substrate 1 
of p-type silicon substrate or the like, that is, a 
region where a collector is planned to be formed, 
thereby forming an n + diffusion region 2. This n + 
diffusion region 2 is to be functioning as a 
collector. 

Subsequently, by so-called LOCOS method, -a field 
oxide film 3 is formed on an element isolation region 
of the semiconductor substrate 1 to define an active 
region 4 . 

Thereafter, as shown in Fig. 5B, a silicon oxide 
film 5 is formed on the whole surface by a CVD method. 
A thickness of the silicon oxide film 5 is 30 nm to 
100 nm for example. In addition, the field oxide 
film 3 and the silicon oxide film 5 may be formed 
before forming the n + diffusion region 2. 

Next, as shown in Fig. 5C, on the silicon oxide 
film 5, a polycrys talline silicon film 6 is formed by 
a CVD method for example, and thereafter a silicon 
oxide film 7 is further formed thereon by a CVD 
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method for example. A thickness of the silicon oxide 
film 7 is 300 nm to 700 nm for example. 

Subsequently, as shown in Fig. 5D, by a 
photolithography and a subsequent dry etching, a 
region is processed where a base is to be formed in a 
multilayer film of the silicon oxide film 5, the 
polycrystalline silicon film 6, and the silicon oxide 
film 7, thereby on this region a base opening 8 is 
formed with a certain pattern that exposes a part of 
the surface of the n + diffusion region 2. The 
polycrystalline silicon film 6 will be a lead-out 
layer of a base layer that will be formed in a later 
s tep . 

Thereafter, as shown in Fig. 5E, by a low 
pressure non-selective epitaxial growth method, a 
semiconductor film, an SiGe film 9 in this example, 
is grown and formed on the whole surface of the 
silicon oxide film 7 so as to cover an inner wall of 
the base opening 8. A thickness of the SiGe film 9 
is approximately 80 nm for example. 

Here, such film forming conditions are selected 
according to Fig. 3 and Fig. 4 that, inside the base 
opening 8, a bottom portion 9a that covers an exposed 
surface of the n + diffusion region 2 is formed of 
single crystal, other portions such as a sidewall 
portion 9b are formed of polycrystalline, and a film 
thickness of the sidewall portion 9b is less than or 
equal to 1.5 times the film thickness of the bottom 
portion 9a. In other words, conditions below the 
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dashed line in Fig. 3 and Fig. 4 are selected. Here, 
the film thickness of the sidewall portion 9b is not 
a thickness in a vertical direction relative to the 
semiconductor substrate 1, but a vertical direction 
relative to a side surface of the base opening 8. 

One example of such condition of film forming by 
non-selective epitaxial growth will be explained 
below. In case of a low pressure CVD method for 
example, monosilane (SiH 4 )', hydrogen (H 2 ), diborane 
(B 2 H 6 ), and germane (GeH 4 ) are used as source gases. 
Then, flow rates of SiH 4 and H 2 are set to 20 seem and 
20 slm respectively for example. Also, when a Ge 
concentration in the SiGe film 9 is set to an atomic 
percentage of 15%, for example, a pressure of the 
film forming atmosphere is set to 1.067 x 10 4 Pa (80 
Torr), a growth temperature is set to 650 C, and a 
growth speed of the single crystal bottom portion 9a 
is set to 10 nm/minute. A flow rate of the diborane 
is set to 75 seem so that a boron concentration in 
the SiGe film 9 will be approximately 7 x 10 19 
atoms/cm 3 for example, and the flow rate of the 
germane is set to 35 seem for example. 

in addition, while the growth speed of the bottom 
portion 9a is set to 10 nm/minute in the above 
example, it is preferred to select an appropriate 
growth speed according to the Ge content (Ge 
concentration) in the SiGe film 9. 

Further, the SiGe composed crystal film 9 is 
formed in the above example, but a single layer film 
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of an SiGeC composed crystal film or a layered film 
of an SiGeC composed crystal film and an SiGe 
composed crystal film can be formed instead. When 
forming the SiGeC film, monomethy 1 s i lane (SiH 3 CH 3 ) can 
be further used as a source gas. In addition, when 
forming the layered film, it is preferred to form the 
SiGeC film on the SiGe film. Further, other than the 
SiGe film 9, a GaAs film, an InP film or the like may 
be formed with a predetermined base film. 

After the SiGe film 9 is formed, a photoresist 11 
to be a mask material is applied on the whole surface 
by a film thickness that fills up the base opening 8 

as shown in Fig. 5F. 

Next, as shown in Fig. 5G, the photoresist 11 is 
left only in the base opening 8 with a predetermined 
depth by performing an anisotropic etching on the 
whole surface of the photoresist 11. 

Then, as shown in Fig. 5H, by performing an 
anisotropic dry etching on the SiGe film 9 using the 
photoresist 11 as a mask, the SiGe film 9 is left 
only in the base opening 8 with approximately the 
same depth as the photoresist 11, and the other 
portions of the SiGe film 9 are removed. In other 
words, only the bottom portion 9a and the sidewall 
portion 9b of the SiGe film 9 are left. As a result, 
a base 12 is formed integrally from the flat bottom 
portion 9a formed of single crystal and the sidewall 
portion 9b formed of polycrystal that is vertical 
relative to the bottom portion 9a. This base 12 will 
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be electrically connected by the sidewall portion 9b 
to a base lead-out layer 10 that is formed from the 
polycrystalline silicon film 6 by patterning. 

Then, the photoresist 11 is removed by ashing 
treatment or the like as shown in Fig. 51. 

Subsequently, as shown in Fig. 5J, a silicon 
oxide film is deposited on the whole surface by a CVD 
method, and by performing an anisotropic etching 
(etch back) on the whole surface, a surface of the 
center portion of the bottom portion 9a of the base 
12 is exposed, thereby forming a sidewall 13 that 
covers a peripheral portion of the bottom portion 9a, 
the sidewall portion 9b, and a side surface of the 
silicon oxide film 7. The sidewall 13 has a shape to 
open the base opening 8 of the base 12 in tapered 
shape for example. 

Thereafter, as shown in Fig. 5K, an n-type 
polycrystalline silicon film or an amorphous silicon 
film is deposited on the whole surface by a CVD 
method, and this film is processed by a 

photolithography and a subsequent dry etching to form 
an emitter 14 which is connected on its bottom 
portion to the bottom portion 9a of the base 12. By 
an effect of heat generated when depositing the n- 
type polycrystalline silicon film or the amorphous 
silicon film and by a subsequent heat treatment, n- 
type impurities contained therein are partly diffused 
into a surface layer of the bottom portion 9a of the 
base 12 to form a shallow junction 15. Thus, a 
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connection is securely made between the base 12 and 
the emitter 1 4 . 

Thereafter, as shown in Fig. 5L, there are formed 
an interlayer insulation film 16, a contact hall 17, 
a collector electrode 18c, an emitter electrode 18e, 
a base electrode 18b, a wire layer (not shown) and so 
on, to thereby complete a bipolar transistor of this 
embodiment . 

As has been described above, according to this 
embodiment, the film thickness of the sidewall 
portion 9b is made to be approximately 1.5 times the 
film thickness of the bottom portion 9a by 
controlling the film forming conditions when forming 
the SiGe film 9, so that even if dispersion occurs in 
a width of the base opening 8 or in a film thickness 
of the sidewall 13, it is possible to securely 
achieve an electrical connection between the base and 
the emitter. As a result, transistor characteristics 
such as drive speed, high freguency characteristic 
and the like are improved, and the emitter can be 
further miniaturized, so that a bipolar transistor 
with high reliability can be realized. 

In addition, when the film thickness of the 
sidewall portion 9b is less than one times the film 
thickness of the bottom portion 9a, the resistance of 
the sidewall portion 9b increases, so the transistor 
characteristics decrease. On the other hand, when 
the film thickness of the sidewall portion 9b is more 
than two times the film thickness of the bottom 
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portion 9a, the width of the base opening 8 becomes 
narrow, which can cause a disconnection between the 
base and the emitter. Therefore, in the first 
embodiment, the film thickness of the sidewall 
portion 9b is required to be one to two times, 1.5 
times for example, the film thickness of the bottom 
portion 9a . 

(Second Embodiment) 

Next, a second embodiment of the present 
invention will be explained. In the second 
embodiment, an npn-type bipolar transistor is 
presented as an example, and for convenience, its 
structure is explained with a manufacturing method 
thereof. Fig. 6A to Fig. 6E are cr os s -s e c t i ona 1 
views showing the sequential steps of the 
manufacturing method of a bipolar transistor 
(semiconductor device) according to the second 
embodiment of the present invention. 

In order to manufacture this bipolar transistor, 
first, as shown in Fig. 6A, n-type impurities, here 
phosphors, are ion-implanted under conditions of its 
dose amount of 1 x 10 14 /cm 2 and acceleration energy of 
300 keV on the surface of a semiconductor substrate 1 
of p-type silicon substrate or the like, that is, a 
region where a collector is planned to be formed, 
thereby forming an n + diffusion region 2. This n + 
diffusion region 2 is to be functioning as a 
collector. In addition, the region to which an ion- 
implantation is performed is a region to which an 
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element active region is planned to be formed for 
example . 

Subsequently, by so-called LOCOS method, a field 
oxide film 3 is formed on an element isolation region 
of the semiconductor substrate 1 to define an active 
region 4. In this embodiment, an opening of the 
field oxide film 3 will be a base opening 8. 

Thereafter, as shown in Fig. 6B, by a low 
pressure non-selective epitaxial growth method, a 
semiconductor film, an SiGe film 9 in this example, 
is grown and formed on the base opening 8 and on the 
whole surface of the field oxide film 3. 

Here, such film forming conditions are selected 
according to Fig. 3 and Fig. 4 that, inside the base 
opening 8, a bottom portion 9a that covers an exposed 
surface of the n + diffusion region 2 is formed of 
single crystal, other portions are formed of 
polycrystalline and amorphous, and a film thickness 
of a portion on the field oxide film 3 is more than 
or equal to two times the film thickness of a bottom 
portion 9a. In other words, the conditions are 
selected so as to include conditions above the dashed 
line in Fig. 3 and Fig. 4. In this embodiment, the 
bottom portion 9a functions as a base and the other 
portion of the SiGe film 9 functions as a base lead- 
out layer. 

In addition, an amorphous portion of the SiGe 
film 9 becomes polycrystalline by a heat treatment 
thereafter, so that even when a polycrystalline 
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portion and an amorphous portion exist on the portion 
except the bottom portion 9a of the SiGe film 9 just 
after the SiGe film 9 is formed, the film will be 
composed of a single layer of a pol ycry s t a 1 1 ine film 
at las t . 

One example of such condition of film forming by 
non- select ive epitaxial growth will be explained 
below. In case of a low pressure CVD method for 
example, monosilane (SiH 4 ), hydrogen (H 2 ), diborane 
(B 2 H6), and germane (GeH 4 ) are used as source gases. 
Then, flow rates of SiH 4 and H 2 are set to 200 seem 
and 20 slm respectively for example. Also, when a Ge 
concentration in the SiGe film 9 is set to an atomic 
percentage of 15%, for example, a pressure of the 
film forming atmosphere is set to 1.067 x 10 4 Pa (80 
Torr) , a growth temperature is set to 600 C, and a 
growth speed of the single crystal bottom portion 9a 
is set to 10 nm/minute. Then, a flow rate of the 
diborane is set to 200 seem so that a boron 
concentration in the SiGe film 9 will be 
approximately 7 x 10 19 atoms/cm 3 for example, and the 
flow rate of the germane is set to 160 seem for 
example . 

In addition, while the growth speed of the bottom 
portion 9a is set to 10 nm/minute in the above 
example, it is preferred to select an appropriate 
growth speed according to the Ge content (Ge 
concentration) in the SiGe film 9. 
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Further, the SiGe composed crystal film 9 is 
formed in the above example, but a single layer film 
of an SiGeC composed crystal film or a layered film 
of an SiGeC composed crystal film and an SiGe 
composed crystal film can be formed instead, 
similarly to the first embodiment. When forming the 
SiGeC film, monomethy Is i lane (SiH 3 CH 3 ) can be further 
used as a source gas. In addition, when forming the 
layered film, it is preferred to form the SiGeC film 
on the SiGe film. Further, other than the SiGe film 
9, a Ga As film, an InP film or the like may be formed 
with a predetermined base film. 

After the SiGe film 9 is formed, as shown in Fig. 
6C, a silicon oxide film 13a is deposited on the 
whole surface by a CVD method, a patterning by a 
photolithography is performed thereon, and thereafter 
an anisotropic etching (etch back) is performed on 
the opening to expose a surface of the center portion 
of the bottom portion 9a, thereby forming a sidewall 
13 that covers the other portions of the SiGe film 9. 
The sidewall 13 has a shape to open the base opening 
8 of the bottom portion 9a in tapered shape for 
example . 

Subsequently, as shown in Fig. 6D, an n-type 
polycrystalline silicon film or an amorphous silicon 
film is deposited on the whole surface by a CVD 
method, and this film is processed by a 

photolithography and a subsequent dry etching to form 
an emitter 14 which is connected on its bottom 
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portion to the bottom portion 9a. By an effect of 
heat generated when depositing the n-type 
polycrystalline silicon film or the amorphous silicon 
film and by a subsequent heat treatment, n-type 
impurities contained therein are partly diffused into 
a surface layer of the bottom portion 9a to form a 
shallow junction 15. Thus, a connection is securely 
made between the bottom portion 9a that functions as 
a base and the emitter 14. 

Thereafter, as shown in Fig. 6E, there are formed 
an interlayer insulation film 16, a contact hall 17, 
a collector electrode 18c, an emitter electrode 18e, 
a base electrode 18b, a wire layer (not shown) , and 
so on, to thereby complete a bipolar transistor of 

this embodiment. 

In the prior manufacturing method of SiGe-HBT, as 
described above, a polycrystalline film is 
insufficient in its film thickness for functioning as 
a base lead-out layer only with the films formed by 
non-selective epitaxial growth, so that it is 
performed in such a manner that a polycrystalline 
film is grown, a region is opened on which a single 
crystal film that functions as a base will be formed, 
and thereafter, by non-selective epitaxial growth, a 
single crystal base layer is formed while a 
polycrystalline film that functions as a base lead- 
out layer being formed. 

On the other hand, according to this embodiment, 
as shown in Fig. 6B, the bottom portion 9a that 
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functions as a base and is formed of single crystal, 
and a polycrystalline film that functions as a base 
lead-out layer are formed by performing one non- 
selective epitaxial growth. Accordingly, a bipolar 
transistor having a high reliability equal to that of 
the conventional one can be realized while reducing 
at least growth of a polycrystalline film and three 
steps of photolithography (a formation of a 
photoresist, a patterning, and a removal of the 

photoresist) . 

In addition, although npn-type bipolar 
transistors are presented as examples in the first 
and second embodiments, the present invention is not 
limited thereto, and it is possible to realize a pnp- 
type bipolar transistor by forming all the n-type and 
p-type component portions described above to be a 
reverse conducting type. Furthermore, by using the 
manufacturing method of the present invention, it is 
possible to realize a low power consumption Bi-CMOS 
transistor and a bipolar IC having a high-speed 
transistor with its base film thin in thickness. 

Also, in the first embodiment, an aluminum film 
can be formed instead of the polycrystalline silicon 
film 6. Further, in both of the first and second 
embodiments, a silicon nitride film can be formed 
instead of the silicon oxide films 7 or 13a. 

In addition, although the SiGe film, the SiGeC 
film, and the layered film of these films are 
presented as examples of the semiconductor film to be 
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the base in the first and second embodiments, the 
type of the semiconductor film is not limited thereto, 
and an Si film can be used instead for example. Fig. 
7 is a graph showing a relationship between the 
growth temperature of the Si film and the ratio of a 
growth speed thereof, which is showing the 
relationship between the growth temperature and the 
ratio of the growth speed when the Ge concentration 
is 0 (zero) percent in the graph shown in Fig. 3. 
Also, Fig. 8 is showing a relationship between the 
flow rate of SiH 4 in the Si film and the ratio of a 
growth speed thereof, which is showing the 
relationship between the flow rate of SiH 4 and the 
ratio of the growth speed when the Ge concentration 
is 0 (zero) percent in the graph shown in Fig. 4. As 
shown in Fig. 7 and Fig. 8, when forming the Si film, 
it is possible to adjust the ratio of the growth 
speed by changing the growth temperature and/or the 

flow rate of SiH 4 - 

When the Si film is formed as the semiconductor 
film to be the base, an electrical characteristic 
improves as described below. The inventor of the 
present invention formed the Si film as the 
semiconductor film, made a bipolar transistor having 
the ratio of a thickness between a bottom portion and 
a sidewall portion of the Si film as 1 : 1 
(comparative example) and a bipolar transistor having 
the ratio of a thickness between a bottom portion and 
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a sidewall portion as 1 : 1.5 (example), and measured 
base resistance and the maximum frequency (fmax) of 
each sample. As a result, the base resistance was 32 
Q and the maximum frequency was 104.2 GHz in the 
comparative example, whereas the base resistance was 
26 Q and the maximum frequency was 114.2 GHz in the 
example. In other words, in the example, the base 
resistance became approximately 20 percent lower than 
that of the comparison example, and further, the 
maximum frequency became approximately 10 percent 
higher . 

As has been described in detail above, in a 
semiconductor film in the present invention, a 
portion in contact with a collector is formed of 
single crystal, a portion in contact with a 
conductive film is formed of polycrystal, and a film 
thickness of the portion in contact with a conductive 
film is one to two times the film thickness of the 
portion in contact with a collector, to thereby 
secure the connection between a base and an emitter 
even when the type of a substrate is different and a 
shape or area of the base is changed. Therefore, 
transistor characteristics are stabilized, and 
dispersion of characteristics can be reduced. 

Also, regarding a semiconductor film similarly, a 
portion in contact with a collector is formed of 
single crystal, and a thickness of a portion on an 
insulation film is composed of a single layer film 
that is thicker than the portion in contact with a 
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collector, so that the manufacturing steps can be 
reduced while lowering the resistance of a base lead 
out layer. 

The present embodiments are to be considered in 
all respects as illustrative and no restrictive, and 
all changes which come within the meaning and range 
of equivalency of the claims are therefore intended 
to be embraced therein. The invention may be 
embodied in other specific forms without departing 
from the spirit or essential characteristics thereof 
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